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CENTRALIZED SWITCHING AND ROUTING
PACKET HANDLING DEVICE

The 1invention relates to the field of handling data packets
within a network and more particularly to devices providing
switching and routing functions.

In the present context, “switching” refers to the selection of
a connection between two points of a network to transmit data
packets (at level 2 of the OSI model).

The term “routing” refers to the function of transierring
data packets within a network at level 3 of the OSI model.

Switching and routing are essential functions to transmis-
sion of data 1n networks. They are implemented by level 2
torwarding (L2F) switches or level 3 forwarding (LL3F) rout-
ers.

There are also “composite” data packet handling devices
(known as “switch-routers™) that provide both the switching
function and the routing function. However, because of their
complexity and the required techmical specifications, these
devices have a distributed architecture, especially 11 very high
bit rates of the OC192c type or higher are required. For
example, 1 edge switch-routers (ESR), the switching and
routing functions are performed by two separate dedicated
circuits. A particular result of this 1s that the common func-
tions provided by the two circuits, such as buifering and
traific management, cannot be shared, and the functions pro-
vided by each of the circuits must have the capacity needed to
handle the maximum bit rate, even 1f the average bit rate 1s
very much lower than the maximum bit rate. For example, a
transmission line card at the output of an OC192¢ interface
(9.6 Gbit/s) must be rated to support 25 million packets per
second, each packet comprising 50 bytes.

Moreover, because the network 1s constantly evolving,
routing necessitates frequent refreshing of several megabits,
typically every five seconds. Consequently, if the routing
function 1s distributed, refreshing significantly limits the per-
formance of the handling device.

Thus one object of the invention 1s to remedy some or all of
the above-mentioned drawbacks by proposing a handling
device 1n which the switching and routing functions are cen-
tralized (1.e. integrated).

To be more precise, to this end the mmvention proposes a
data packet handling device comprising:

input ports and output ports for respectively recerving and
transmitting data packets,

receiver means configured to extract primary switching or
routing data (such as destination ports and addresses)
and secondary data to be switched or routed from data
packets recerved by the mput ports and to associate the
secondary data with a selected storage address,

a memory for storing the secondary data extracted by the
receiver means at the storage address,

a switching stage configured to receive from the receiver
means the primary switching data and the storage
address and to determine tertiary data designating at
least one of the output ports and to determine new pri-
mary switching data ({or example 1n the form of a label
identifying a connection between points of the network)
from the primary switching data and stored data,

a routing stage configured to receive from the receiver
means the primary routing data and the storage address
and to determine tertiary data designating at least one of
the output ports and to determine new primary routing,
data (for example 1n the form of a label 1dentifying a
from the primary routing data and stored data,

monitoring means configured to extract the tertiary data
and the new primary data from the switching stage and
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the routing stage and to deliver the tertiary and new
primary data and the storage address, to a sending
means, as a function of a selected criterion (such as, for
example, “the packet arriving first” or “the packet asso-
ciated with the highest quality of service™), and

sending means adapted to extract from the memory the
secondary data stored at the storage address and to send
the extracted secondary data combined with the new
primary data to each output port designated by the ter-
tiary data.

Because trailic monitoring and builering are shared, the
device can implement the switching and routing functions,
generally referred to as the L2F and L3F functions, 1n a
centralized manner (and integrated on the same card).

According to another feature of the invention, firstly, the
receiver means are adapted to divide each data packet
received 1into segments of equal length, so that the secondary
data 1s stored 1n segmented form, and, secondly, the sending
means are adapted to reconstitute the segmented extracted
secondary data in order to combine 1t with the new primary
data. This has the advantage that packets of varying length can
be processed independently of the protocols used.

The switching stage preferably includes an L2F switching
stage which includes, firstly, a management module including
a management buffer memory adapted to store at a selected
address at least the primary switching data and the storage
address communicated by the receiver means and, secondly,
a transfer module coupled to the management module and
including a rewritable memory containing the switching table
and an mmput buffer memory adapted to store the selected
management address as a function of a selected criterion and
to communicate the selected address to the management
module on command. The management module 1s then
adapted, onrecerving the selected address, to communicate to
the transfer module at least some of the stored primary data
and the storage address so that 1t can determine the new
primary switching data and tertiary data in the switching table
on the basis of the received primary data and deliver the
tertiary and new primary data on the instructions of the moni-
toring means.

The routing stage preferably includes an L3F routing stage
which includes, firstly, a management module including a
management buffer memory adapted to store at a selected
address at least the primary routing data and the storage
address communicated by the recerver means and, secondly,
a transifer module coupled to the management module and
including a rewritable memory containing the routing table
and an mmput buffer memory adapted to store the selected
management address as a function of a selected criterion and
to communicate the selected address to the management
module on command. The management module 1s then
adapted, on recerving the selected address, to communicate at
least some of the stored primary data and the storage address
to the transfer module so that it can determine the new pri-
mary routing data and tertiary data in the routing table from
the recerved primary data and deliver the data on the 1nstruc-
tions of the monitoring means.

The transfer module of the routing stage can also have the
same number of output buiier memories as there are output
ports, which output buffer memories are adapted to receive
the tertiary data and the new primary data from the rewritable
memory and the storage address from the management mod-
ule. A group of output butier memories can instead be pro-
vided for each output port, for example to offer a plurality of
different qualities of service.

The monitoring means can preferably include at least the
same number of buller memories as there are output ports and
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the butfer memories are adapted to receive the storage address
and the primary and tertiary data coming from the switching
stage and the routing stage. A buller memory group can
instead be provided for each output port, for example to offer
a plurality of different qualities of service.

Furthermore, the monitoring means can include the same
number of intermediate (collection) modules as there are
buifer output memories for temporarily storing the storage
address and the primary and tertiary data respectively deliv-
ered by the switching stage and the routing stage in first and
second areas. They can therefore deliver to the buffer memo-
ries of the monitoring means, on command and as a function
of the criterion selected, either the storage address and the
primary and tertiary switching data or the storage address and
the primary and tertiary routing data.

In a preferred embodiment, the mput and output builer
memories are first 1n first out (FIFO) memories.

The invention also proposes a method of handling data
packets, consisting in:

receiving data packets at input ports,

extracting primary switching or routing data and secondary
data to be handled from the recerved data packets and
associating the secondary data with a selected storage
address,

storing the secondary data extracted at the storage address,

determining tertiary data designating at least one of the
output ports and determining new primary switching or
routing data from the received primary data and data
stored 1in a switching table or 1n a routing table, accord-
ing to whether the recerved data 1s primary switching or
routing data,

Delivering, to a sending means, the tertiary data, the new
primary switching or routing data, and the storage
address as a function of a selected criterion, and

extracting the secondary data stored at the storage address
and sending the extracted secondary data combined with
the new primary data to each output port designated by
the tertiary data delivered.

The above types of switching and routing are generally

referred to as L2F switching and L3F routing, respectively.

When data packets are received they are advantageously
divided 1nto segments of equal length so that the secondary
data 1s stored in segmented form. In this case, the data is
reconstituted in order to combine 1t with the new primary data
betfore sending the handled secondary data.

It 1s preferable to first store the tertiary data and the new
primary switching or routing data, and then apply selected
criterion before delivering the tertiary data and the new pri-
mary switching or routing data to a sending means. In this
way, either routing data or switching data can be selected to
send the secondary data.

The installation and the method of the imvention are par-
ticularly, although not exclusively, suitable for switching
standards such as ATM, frame-based ATM, frame relay and
MPLS, and for routing standards such as IP, regardless of the
media, and those corresponding to connectionless protocols.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the mmvention become
apparent on examining the following detailed description and
the appended drawings, 1n which:

FI1G. 1 1s a block diagram showing a handling device of the
invention,

FIG. 2 1s a block diagram showing a routing stage of the

FI1G. 1 device,
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FIG. 3 1s a diagram showing one example of the organiza-
tion of a buffer memory of a management module of the FIG.
2 routing stage,

FIG. 4 1s a diagram showing one example of the implemen-
tation of a buffer memory of a management module of the
FIG. 2 routing stage,

FIG. 5 1s a diagram showing one mode of storing (writing)
data 1n the builer memory of the management module of the
FIG. 2 routing stage,

FIG. 6 1s a diagram showing one embodiment of a transfer
module of the FIG. 3 routing stage,

FIG. 7 1s a block diagram showing a switching stage of the
FI1G. 1 device,

FIG. 8 1s a block diagram showing a tra
stage of the FIG. 1 device, and

FIGS. 9A and 9B are diagrams showing signals generated
by a main clock of the device and the connection between the
main clock and the counters of the device.

The drawing 1s for the most part of a specific nature and
consequently constitutes part of the description of the mven-
tion as well as contributing to the definition of the invention.

Refer first to FI1G. 1 for a description of one embodiment of
a packet handling device of the invention with centralized
switching and routing.

The device 1 firstly comprises a data transport stage 2
comprising an nput sub-stage (also known as an “ingress
stage”) 3 with input ports 4 for recerving data packets, a butfer
memory 3 for temporarily storing data to be handled commu-
nicated by the mput sub-stage 3, and an output sub-stage (also
known as an “egress stage”) 6 with output ports 7 for deliv-
ering handled data, 1n particular from the bufifer memory 5.

The device 1 further includes a switching stage 8 fed with
switching data by the input sub-stage 3, a routing stage 9 fed
with routing data by the input sub-stage 3, and a traffic moni-
toring stage 10 fed by the switching stage 8 and the routing
stage 9 and feeding the output sub-stage 6 with new switching
or routing data.

The components of the device 1 are synchronized by a
main clock MCL whose period serves as the basis for incre-
menting a main counter MCP and auxiliary counters
(MCP16, MCP1), as shown 1n FIGS. 9A and 9B. MCPx 1s a
modulo x counter incremented at the timing rate of the clock
MCL.

The data transport stage 2, the switching stage 8 and much
of the traffic monitoring stage 10 are described in detail in the
documents U.S. Pat. No. 5,237,564 and EP 00/440 281, the
technical contents of which are hereby incorporated by way
of reference herein in full. Consequently, only the main func-
tions of these stages are described here, and not their auxiliary
functions.

The mput sub-stage 3 1s firstly adapted to recerve data
packets of varying length at 1ts n 1nput ports 4 and to extract
from that data primary data representative of switching or
routing information that must be processed by the switching
stage 8 or the routing stage 9 and secondary data that 1s to be
switched or routed.

The secondary data 1s sent to the buifer memory 5 and
stored therein at a storage address FSA(n). For example, ifthe
buifer memory 3 can store n segments, then a counter MCPn
indicates at all times the storage address FSA(n) for the
incoming segment in the butfer memory 5. The primary data
1s communicated to the switching stage 8 or to the routing
stage 9, according to whether they contain switching infor-
mation or routing information. In other words, if a packet
contains secondary data to be switched, the associated pri-
mary data 1s sent to the switching stage 8, whereas 11 a packet

fic monitoring,
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contains secondary data to be routed, then the associated
primary data 1s sent to the routing stage 9.

The primary data 1s sent to the switching stage 8 or the
routing stage 9 together with the storage address FSA(n),
which 1s in fact the current value of MCPn, at which the >
associated secondary data 1s temporarily stored.

As described 1n the above-mentioned patent documents,
the received data packets are preferably first segmented 1n the
input sub-stage 3 before their data 1s sent to the buifer
memory 3 and to the stages 8 and 9. Segmentation consists of
dividing each packet into segments of equal length, preserv-
ing the link that unites them at the level of the buffer memory
5 and the switching stage 8 and the routing stage 9. Once the
new routing information has been determined by the switch-
ing stage 8 or the routing stage 9, the secondary data of the
original packet awaiting transmission in the butier memory 3
1s reconstituted by adding the new handling information (pri-
mary data) to 1t before it 1s communicated to the output ports

7. 20

The switching stage 8 or the routing stage 9 counts the
number (PL(1)) of segments of a received packet as and when
segments arrive.

The primary data 1s usually contained 1n the first segment
of the received packet. It generally includes the packet source 25
port and address and the packet destination port and address.

In the case of routing, the primary data 1s generally routing,
information, for example the destination address, used to
index the routing table. The routing information 1s generally
a global 1dentifier, meaning that no connectionhasto be setup 30
betfore the packet 1s sent. Many routing protocols function in
accordance with this principle, in particular the Internet Pro-
tocol (IP), regardless of the media. In the case of the IP, the
global 1dentifier, referred to as the IP address, 1s used to route
the packet locally and the next primary data delivered by the 35
routing table constitutes a new label used for routing in the
next device.

If the device 1 has n mput ports 4, each segment 1s divided
into n words. The time to process a word 1s equal to the period
of the main clock MCL. The iput ports 4 are adapted so that 40
a segment arriving at the port 1 1s placed one word 1n front of
a segment arriving at the port 1-1, modulo n. Similarly, the
output ports 7 are adapted so that a segment sent to the port 1
1s placed one word in front of a segment sent to the port 1-1,
modulo n. 45

Refer now to FIGS. 2 to 6 for a description of one embodi-
ment of a routing stage of the mvention.

The routing stage 9 shown 1n FIG. 2 1s of the L3F type. It
includes a management module 11 including a management
buifer memory 12 1mn which the primary routing data con- 50
tained 1n the first segment sent by the input sub-stage 3, the
storage address FSA(n) 1n the buffer memory 5 of the first
segment of the secondary data associated with the primary
data, and (preferably) the total number PL(1) of segments of
the associated packet are stored at a selected address 1. 55

As shown 1n FIG. 3, the first segments and the complemen-
tary data (FSA(1) and PL(1)) are preferably stored vertically in
the management buifer memory 12, which 1s preferably a
circulating memory. Consequently, 1f the buifer memory 12
has m 1nputs (also known as columns), a first segment 1s 60
replaced by a new first segment when m packets to be routed
have been recerved.

The size m of the buller memory 12 can easily be con-
trolled as a function of the bit rate of the packets incoming,
into the device 1 and the service bit rate of the device 1 (or the 65
bit rate at which the packets are routed). The service bit rate 1s
preferably higher than the input bit rate so that, even with a

10

15

[l

6

small size m of the buifer memory 12, 1t 1s guaranteed that no
segment will be lost (or replaced, which would lead to the loss
of the associated packet).

As shown diagrammatically in FIG. 4, the management
buifer memory 12 preferably includes n 1dentical and inde-
pendent sub-memories BM(0) to BM(n-1), each sub-
memory BM(r) storing a word having the rank r 1n all the
segments. Each word 1s written 1into the sub-memories BM(r)
via a bus BMI(r) and extracted therefrom via a bus BMO(r).

The main clock MCL synchronizes reading (extraction
from) and writing (entry in) of the bufifer memory 12. As
shown 1n FIG. 9A, the clock halif-period H1 1s dedicated to
writing and the clock half-period HO 1s dedicated to reading.
Moreover, as shown 1 FIG. 4, the sub-memories BM(r)
addressed 1n read mode and 1n write mode via a multiplexer *.

To be more precise, as shown 1n FIG. 5, for writing, two
counters are associated with each sub-memory BM(r). The
counter CWA(r) contains the address of the buifer memory 12
in which an mcoming word of rank r of a segment 1s to be
stored. The counter CFSA(r) contains the address of the
buifer memory 12 in which the first segment of a packet 1s
stored. Because the butler memory 12 includes n sub-memo-
ries BM(r), there are n pairs of counters (CWA, CFSA).

The counters pretferably take the form of a circular shift
butler, which shiits the stored data by one step 1n each period
of the clock MCL following a write operation. For example,
the row “0” takes the value of therow “n-17, the row “1”” takes
the value of the row “07, .. ., the row “n-1" takes the value of
the row “n-2".

Two situations can arise before the shift 1s effected. The
following logic describing the situations 1s depicted as C, 1+
in FI1G. 4. I1 the first segment of a new packet arrives, then, 1f
1 represents the value of CFSA(0):

FSA(1): address of the first segment in the buffer memory 5,
given by the value of the main counter MCP(s), where s 1s the
s1ze of the buller memory 5;

PL{1)=1;

CFSA(0)=CWA(0); and

CWA(n-1)=CWA(0)+1(modulo m).

This latter operation increments the address at which the
next segment received 1s stored, thereby ensuring that the
segment that arrived previously 1s not overwritten. This
operation 1s not effected 1f the current segment 1s not the first
segment of a packet. Consequently, this segment 1s overwrit-
ten by future segments until a new first segment arrives.

If the segment received 1s not the first segment of a new
packet, then, 11 1 represents the value of CEFSA(0):
PL(1)=PL(1)+1(modulo m).

When the last segment of a packet 1s recerved, the address
(CFSA(0)) of the first segment of the packet in the buffer
memory 12 1s placed 1n the queue of an input buifer memory
13, which 1s preferably of the FIFO type, so that the primary
data recerved 1s processed as a function of 1ts order of arrival
in the routing stage 9. If the FIFO mput memory 13 contains
data, that data 1s processed just like the secondary data of the
associated packet. The size of the FIFO mput memory 13 1s
preferably equal to the size of the management builer
memory 12.

The FIFO mput memory 13 1s part of a transier module 14
of the routing stage 9 coupled to the management module 11
(see below).

All the ports of the mput sub-stage 3 and the output sub-
stage 6 preferably have the same bit rate as the line interface
cards coupled to the device 1. However, as described 1n the
patent document EP 0 440 281, line interface cards can be
used that have a bit rate equal to an integer multiple of that of
the mput port 4 and output port 7. For example, 1f the bit rate
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ol the ports 1s equal to 2.4 Gbait/s, four ports can be associated
with an OC192c¢ format line interface.

To this end, each line interface can be connected to k
successive ports [1, 1+1, . . ., j1+k—1]. The case where k=1
corresponds to a line mterface connected to a single port. In
this case, 1 the first word of a segment 1s received at the port
1+x (subject to the condition 0=x<k), the two situations
described above are modified as follows.

If the first segment of a new packet arrives, then, 11 1
represents the value of CFSA(0+x):

FSA(1): address of this first segment in the butier memory 5,
given by the value of the main counter MCP(s), where s 1s the
s1ze of the builer memory 5;

PL(1)=1;

CFSA(0+x)=CWA(0+x); and
CWA(n-1)=CWA(0+x)+1(modulo m).

If the segment recerved 1s not the first segment of a new
packet, then, 11 1 represents the value of CFSA(0+x):
PL(1)=PL(1)+1(modulo m).

In this case, of the k pairs of counters (CWA, CFSA)
associated with the line iterface, only the first pair 1s used.

As indicated above, the bulfer memory 12 of the manage-
ment module 11 1s read during the half-period of the clock
MCL reserved for 1t. As shown 1n FIG. 6, each time that the
whole of a packet has been received by the routing stage, the
address CFSA of 1ts first segment in the buifer memory 12 of
the management module 11 1s placed at the end of the queue
of the FIFO mput memory 13. During each clock halif-period
dedicated to reading the bufier memory 12, if there 1s a word
at the head of the queue of the FIFO mput memory 13, 1t 1s
extracted by the transfer module 14 and communicated to the
management module 11 1n order for it to read the single word
stored 1n each sub-memory BM(r) of the buffer memory 12 at
the address designated by the word supplied by the transier
module 14. Of course, the address can vary from one sub-
memory to another. Thus all the information stored in the
addressed column of the buifer memory 12 can be read (ex-
tracted) simultaneously.

This information (primary data, storage address FSA(n)
and associated total number PL of segments) 1s then commu-
nicated by the management module 11 to the transier module
14 so that it can determine, 1n a routing table stored 1n a
rewritable memory 15, tertiary data designating each output
port 7 to which secondary data awaiting re-transmission in the
buifer memory 5 1s to be delivered and new primary routing
data (“labels” (LAB)) that corresponds to the primary data
received and 1s to be associated with the secondary data as a
function of their respective output ports 7.

As shown 1n FIG. 6, the routing table can also deliver
complementary information, for example information relat-
ing to the quality of service (QoS) associated with the
received packet to be routed. This complementary informa-
tion (QoS) can also be delivered and monitored by the traffic
control stage 10 so that 1t 1s shared by the switching stage 8
and the routing stage 9.

The transter module 14 of the routing stage 9 also includes
at least as many output buffer memories 16 as there are output
ports 7 of the output sub-stage 6. These output memories 16
are preferably FIFO memories.

Each FIFO output memory 16 1s adapted to receive, firstly,
from the rewritable memory 15, the new primary data and the
tertiary data addressed to the associated output port 7 and,
secondly, from the management module 11, the storage
address FSA(n) of the secondary data 1n the butler memory 3
and the associated total number PL of segments.

Alternatively, if the routing table also delivers complemen-
tary information, such as the quality of service (QoS), each
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output port 7 can be associated with a group of FIFO output
memories 16. Each group then includes a FIFO output
memory 16 associated with each quality of service offered.

The FIFO output memories 16 preferably feed collection
modules 17 of the traffic monitoring stage 10, which are
described later with reference to FIG. 8.

Reter now to FI1G. 7 for a description of one embodiment of
L2F switching stage.

r

T'he switching stage 8 has many similarities with the rout-
ing stage 9. It includes a management module 18 substantially
identical to the management module 11 of the routing stage 9,
both 1n terms of its components and 1n terms of its operation,
and a transfer module 19 coupled to the management module
18 and in part identical to the transier module 14 of the
routing stage 9.

The management module 18 includes a management butfer
memory 20 1n which the primary switching data contained in
the first segment sent by the input sub-stage 3, the storage
address FSA(1) of the secondary data associated with the
primary address, and (preferably) the total number PL(1) of
segments of the associated packet are stored at a selected
address CFSA2(i).

The transtfer module 19 includes a rewritable memory 21
which stores a switching table and an input buifer memory 22
which stores the address CFSA2(7) of the buifer memory 20
in which the data supplied by the input sub-stage 3 1s stored.
The mput butfer memory 22 1s preferably a FIFO memory so
that the primary data received 1s processed as a function of its
order of arrival in the switching stage 8. Unlike the transfer
module 14 of the routing stage 9, the transfer module 14 of the
switching stage 8 has no FIFO output memories. The latter are
in the tratfic monitoring stage 10, to be described later, and are
replaced by an output bus 23.

In the case of switching, the primary data generally takes
the form of a local connection 1dentifier used as a switching
table index. Many switching standards operate 1n accordance
with this principle, for example ATM, frame-based ATM,
frame relay and MPLS, regardless of the media. In the MPLS
case, the local identifier, referred to as a “label”, 1s used to
switch the packet locally and the new primary data delivered
by the switching table forms a new label used for switching in
the next device.

Because the operation of the switching stage 8 1s similar to
that of the routing stage 9, except for the transfer of data into
the FIFO output memories, 1t 1s not described in detail. The
buifer memory 20 of the management module 18 1s read
during the haltf-period of the clock MCL reserved for it. Each
time that the whole of a packet has been received by the
switching stage 8, the address CFSA2 of 1ts first segment 1n
the bulfer memory 20 of the management module 18 1s placed
at the end of the queue of the FIFO input memory 22. During
cach clock half-period dedicated to reading the bulfer
memory 20, 1f there 1s a word at the head of the queue of the
FIFO mput memory 22, 1t 1s extracted by the transfer module
19 and communicated to the management module 18 so that
it can read the single word stored 1n each sub-memory BM2
(7) of the buller memory 20 at the address designated by the
word supplied by the transfer module 19. Of course, the
address can vary from one sub-memory to another. Accord-
ingly, all of the information stored 1n the addressed column of
the butler memory 20 can be read (extracted) simultaneously.

This information (primary data, storage address FSA(n)
and total number PL of associated segments) 1s then commu-
nicated by the management module 18 to the transter module
19 so that 1t can determine in the switching table stored 1n the
rewritable memory 21 tertiary data designating each output
port 7 to which the secondary data awaiting retransmission in

dIl
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the buffer memory 5 1s to be delivered and new primary
switching data (labels (LAB)) that corresponds to the
received primary data and 1s to be associated with the second-
ary data as a function of the respective output ports 7.

The switching table can also deliver complementary infor-
mation, for example information relating to the quality of
service ((QoS) associated with the received packet to be
routed.

The transfer module 19 of the switching stage 8 also
includes an output bus 23 adapted to recerve, firstly, from the
rewritable memory 21, the new primary data and the tertiary
data addressed to the various output ports 7 (and where appli-
cable the complementary information, such as the quality of
service) and, secondly, from the management module 18, the
storage address FSA(n) of the secondary data 1n the buflfer
memory 3 and the associated total number PL of segments.

The output bus 23 preferably feeds the collection modules
17 of the traflic monitoring stage 10, which 1s described next
with reference to FIG. 8.

As indicated above, the traflic monitoring stage 10 includes
collection modules 17 fed, firstly, by the bus 23 of the switch-
ing stage 8 and, secondly, by the FIFO output memories 16 of
the routing stage 9, and output butier memories 24 fed by the
collection modules 17. The output builer memories 24 are
preferably FIFO memories.

There are preferably at least as many collection modules 17
and FIFO output memories 24 as there are output ports 7.
Alternatively, 1 the routing and switching tables deliver
complementary information, such as the quality of service
(QoS), each output port 7 can be associated with a group of
FIFO output memories 24, and thus with a group of collection
modules 17. Each group then includes a collection module 17
or a FIFO output memory 24 associated with each quality of
service olfered.

The traflic monitoring stage 10 monitors the handling of
the packets recetved as a function of their primary data and in
particular the associated quality of service, if any.

Because only one packet can be handled in each period of
the main clock MCL, 1t 1s the traffic monitoring stage 10 that
decides which of the recently recerved packets whose second-
ary data 1s temporarily stored 1n the buffer memory 5 1s to be
handled first.

When all the packets received have been routed (or
switched), there 1s no priority contlict problem. The packets
are routed (or switched) either as a function of their order of
arrival or as a function of the associated quality of service, 1n
particular.

On the other hand, if the device 1 recerves packets to be
routed and packets to be switched 1n very short time intervals,
it must make choices 1n accordance with a criterion. These
choices can be very complicated to manage 11 the quality of
service 1s mvolved.

The n FIFO output memories 24 are scanned cyclically. A
FIFO memory 24 1s read 1 each period of the main clock
MCL, a cycle including n clock periods. During period 1
(modulo n), if no packet 1s on the point of being sent to the
output port 1 (7), the associated FIFO memory 1 (24) 1s read
and delivers 1ts content (address FSA(n), associated number
PL of segments and labels), so that 1n the next clock period the
associated secondary data can be sent to the output port 1 (7)
alter adding new primary and tertiary data.

The switching and routing data reaching the collection
modules 17 1s transierred selectively into the corresponding,
FIFO memories 24 as a function of a criterion managed by the
traific monitoring stage 10. If no switching data reaches the
collection module 1 (17) associated with the FIFO memory 1
(24) that 1s to be read during the period 1 of the main clock
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MCL, 11 there 1s routing data 1n that collection module 1 (17),
it 1s preferably transierred into the FIFO memory 1 (24), 1n
order to be read.

In this example, the selection criterion favors the switching,
data. However, any other selection criterion can be envisaged,
of course. In particular, priority can be assigned to the routing
data, or to alternate operation, or to operation 1n self-adaptive
mode, the priorities changing as a function of the traffic
received.

The collection modules 17 described above collect routing,
and switching data so that 1t can be extracted in accordance
with the selection criterion. However, the traific monitoring,
stage 10 can instead use the modules 17 to extract the switch-
ing or routing data from the output bus 23 of the switching
stage 8 or the FIFO output memories 16 of the routing stage
9, as a function of the selection criterion.

The data transport stage 2, switching stage 8, routing stage
9 and traffic momitoring stage 10 are described above by way
ol 1llustrative example only and lend themselves to very many
variants and adaptations. In particular, they can be imple-
mented 1n separate, coupled circuits, or 1n a single circuit,
integrated onto an electronic circuit card. Moreover, these
stages consist mainly of electronics, but can also include
software modules, in particular intended to manage their
respective and/or conjoint operation.

The 1nvention also proposes a method of handling data
packets. The method can be implemented using the device
described hereinabove. Because the main and optional func-
tions and sub-functions provided by the steps of the method
are substantially 1dentical to those provided by the various
means constituting the device, only the steps using the main
functions of the method of the mvention are summarized
hereinaiter. The method consists in:

recerving data packets at input ports 4,

extracting primary switching or routing data and secondary
data to be handled from the recerved data packets and
associating the data with a selected storage address FSA
().

storing the secondary data extracted at the storage address
FSA(n),

determiming tertiary data designating at least one of the
output ports 7 and determining new primary switching
or routing data from the received primary data and data
stored 1n a switching table or 1n a routing table, accord-
ing to whether the recerved data 1s primary switching or
routing data,

Delivering, to a sending means, the tertiary data, the new
primary switching or routing data, and the storage
address as a function of a selected criterion, and

extracting the secondary data stored at the storage address
and sending the extracted secondary data combined with
the new primary data to each output port 7 designated by
the tertiary data delivered.

When data packets are recerved, they can first be divided
into segments of equal length so that they can be processed 1n
a segmented form enabling them to be handled independently
of their length. Of course, 1n this case the segments are recon-
stituted before being sent to the output ports 7.

The invention centralizes the principal functions of a router
and a switch, which are not inherently linked to a line inter-
face. This applies 1n particular to butfering, switching, rout-
ing, traffic monitoring and quality of service. This consider-
ably reduces the complexity of the handling device
architecture and the cost of the line interface cards, and con-
sequently that of the network.

The mvention also circumvents constraints relating to the
proportion of packets to be routed relative to the packets to be
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switched. It also becomes possible to envisage extreme situ-
ations 1n which all of the packets are either routed or switched,
without creating any bottlenecks.

The invention also enables routing in broadcast mode or in
multicast mode, provided that the maximum number of
branches of the multipoint broadcast tree 1s equal to the num-
ber of ports of the device.

Furthermore, the mvention allows any type of protocol to
be used at the line interfaces, and any number of line inter-
faces, including at OC192c¢ type bit rates and above.

Finally, the device of the invention can also be used as an
edge switch-router (ESR), 1n which case a packet routed by
the routing stage can be switched to a label switch path (LSP)
and a packet switched by the switching stage and coming
from an LSP can be routed to an IP interface, for example.

The invention 1s not limited to the embodiments of devices
and methods described above by way of example only, but
encompasses all variants that the person skilled 1n the art
might envisage within the scope of the following claims.

The mvention claimed 1s:

1. A data packet handling device comprising:;

input ports and output ports for respectively recerving and
transmitting data packets,

receiver means which extracts primary switching data or
primary routing data, and secondary data from data
packets received by said input ports, and which associ-
ates the secondary data with a selected storage address,

a memory which stores said secondary data extracted by
said recerver means at said selected storage address
without said primary switching data or said primary
routing data,

a switching stage which recerves from the receiver means
the primary switching data and said selected storage
address, determines tertiary data designating at least one
of said output ports, and determines new primary
switching data from the primary switching data and data
stored 1n a switching table,

a routing stage which receives from the receiver means the
primary routing data and said selected storage address,
determines tertiary data designating at least one of said
output ports, and determines new primary routing data
from the primary routing data and data stored 1n a rout-
ing table,

monitoring means configured to extract the tertiary data
which 1s determined by the switching stage and the new
primary switching data from the switching stage, or
extract the tertiary data which 1s determined by the rout-
ing stage and the new primary routing data from the
routing stage, and to deliver said extracted tertiary data
from the switching stage, said extracted new primary
switching data from the switching stage, and the selected
storage address to a sending means as a function of a
selected criterion, or to deliver said extracted tertiary
data from the routing stage, said extracted new primary
routing data from the routing stage, and the selected
storage address to said sending means as a function of
said selected criterion, and

said sending means which extracts from said memory the
secondary data stored at the selected storage address and
sends the extracted secondary data combined with said
extracted new primary switching data or said extracted
new primary routing data to each output port designated
by said extracted tertiary data from the switching stage
or said extracted tertiary data from the routing stage,

wherein said switching stage includes an L2F switching
stage,
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wherein said L2F switching stage includes 1) a manage-
ment module including a management buifer memory
configured to store at a selected management buifer
memory address at least the primary switching data and
said selected storage address communicated by the
receiver means and 1) a transfer module coupled to the
management module and including a rewritable
memory 1n which said switching table 1s stored and an
input butler memory configured to store said selected
management buifer memory address as a function of the
selected criterion and to communicate said selected
management buffer memory address to said manage-
ment module on command, 1n which case said manage-
ment module 1s configured, on receiving said selected
management butfer memory address, to communicate to
said transier module at least some of said stored primary
switching data and said selected storage address for said
transier module to determine said new primary switch-
ing data and said tertiary data which 1s determined by the
switching stage in said switching table from the received
primary switching data and to deliver said new primary
switching data and said tertiary data which 1s determined
by the switching stage and said selected storage address
on 1nstructions of said monitoring means.

2. A device according to claim 1, wherein said receiver
means 1s configured to divide each data packet received into
segments ol equal length, so that said secondary data 1s stored
in segmented form, and said sending means 1s configured to
reconstitute said stored, segmented secondary data 1n order to
combine 1t with said extracted new primary switching data or
said extracted new primary routing data.

3. A device according to claim 1, wherein said routing stage
includes an L3F routing stage.

4. A device according to claim 1, wherein said monitoring,
means 1ncludes at least a same number of buffer memories as
there are said output ports and said buffer memories are
configured to receive from the switching stage, the selected
storage address, the new primary switching data, and the
tertiary data which 1s determined by the switching stage, or
said buffer memories are configured to recetve from the rout-
ing stage, the selected storage address, the new primary rout-
ing data, and the tertiary data which 1s determined by the
routing stage.

5. A device according to claim 1, wherein said monitoring,
means 1ncludes a same number of butler memory groups as
there are said output ports and said buller memory groups are
configured to receive from the switching stage, said selected
storage address, the new primary switching data, and the
tertiary data which 1s determined by the switching stage, or
said buller memory groups are configured to recerve from the
routing stage, said selected storage address, the new primary
routing data, and the tertiary data which 1s determined by the
routing stage.

6. A device according to claim 1, wherein the input butier
memory 1s a FIFO memory.

7. A device according to claim 1, wherein the switching
table comprises switching data in accordance with a switch-
ing standard selected from a group consisting of ATM, frame-
based ATM, frame relay and MPLS protocols.

8. A device according to claim 1, wherein the routing table
comprises routing data in accordance with the Internet Pro-
tocol.

9. A data packet handling device comprising:

input ports and output ports for respectively recerving and

transmitting data packets,

recerver means which extracts primary switching data or

primary routing data, and secondary data from data
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packets received by said input ports, and which associ-
ates the secondary data with a selected storage address,

a memory which stores said secondary data extracted by
said recerver means at said selected storage address
without said primary switching data or said primary
routing data,

a switching stage which recetves from the receiver means
the primary switching data and said selected storage
address, determines tertiary data designating at least one
of said output ports, and determines new primary
switching data from the primary switching data and data
stored 1n a switching table,

a routing stage which receives from the receiver means the
primary routing data and said selected storage address,
determines tertiary data designating at least one of said
output ports, and determines new primary routing data
from the primary routing data and data stored 1n a rout-
ing table,

monitoring means configured to extract the tertiary data
which 1s determined by the switching stage and the new
primary switching data from the switching stage, or
extract the tertiary data which 1s determined by the rout-
ing stage and the new primary routing data from the
routing stage, and to deliver said extracted tertiary data
from the switching stage, said extracted new primary
switching data from the switching stage, and the selected
storage address to a sending means as a function of a
selected criterion, or to deliver said extracted tertiary
data from the routing stage, said extracted new primary
routing data from the routing stage, and the selected
storage address to said sending means as a function of
said selected criterion, and

said sending means which extracts from said memory the

secondary data stored at the selected storage address and
sends the extracted secondary data combined with said
extracted new primary switching data or said extracted
new primary routing data to each output port designated
by said extracted tertiary data from the switching stage
or said extracted tertiary data from the routing stage,
herein said routing stage includes an L3F routing stage,
herein said L3F routing stage includes 1) a management
module including a management butfer memory config-
ured to store at a selected management buller memory
address at least the primary routing data and said
selected storage address communicated by the recerver
means and 11) a transfer module coupled to the manage-
ment module and including a rewritable memory in
which said routing table 1s stored and an 1mput builer
memory configured to store said selected management
buffer memory address as a function of the selected
criterion and to communicate said selected management
buifer memory address to said management module on
command, 1n which case said management module 1s
configured, on recerving said selected management
builer memory address, to communicate at least some of
said stored primary routing data and said selected stor-
age address to said transfer module for said transfer
module to determine said new primary routing data and
said tertiary data which 1s determined by the routing
stage 1n said routing table from the received primary
routing data and to deliver said new primary routing data
and said tertiary data which i1s determined by the routing
stage and said selected storage address on instructions of
said monitoring means.
10. A device according to claim 9, wherein said transfer
module has a same number of output buifer memories as there
are said output ports, and said output buffer memories are

g =

10

15

20

25

30

35

40

45

50

55

60

65

14

configured to receive said tertiary data which 1s determined
by the routing stage from the rewritable memory, said new
primary routing data from the rewritable memory, and said
selected storage address from the management module.

11. A device according to claim 9, wherein said transier
module includes a same number of groups of output builer
memories as there are said output ports and each group 1s
configured to receive said tertiary data which 1s determined
by the routing stage from the rewritable memory, said new
primary routing data from the rewritable memory, and said
selected storage address from the management module.

12. A device according to claim 11, wherein the output
buifer memories of a group are associated with different
qualities of service.

13. A device according to claim 12, wherein said monitor-
ing means ncludes a same number of intermediate modules
as there are said output ports, and said intermediate modules
are configured to store 1n a first area the selected storage
address, the new primary switching data, and the tertiary data
which 1s determined by the switching stage, and store 1n a
second area the selected storage address, the new primary
routing data, and the tertiary data which 1s determined by the
routing stage, so as to deliver to output butler memories of the
monitoring means, on command and as a function of the
selected criterion, either said selected storage address, said
new primary switching data, and said tertiary data which 1s
determined by the switching stage, or said selected storage
address, said new primary routing data, and said tertiary data
which 1s determined by the routing stage.

14. A method of handling data packets, the method com-
prising:

recerving data packets at input ports,

extracting primary switching data or primary routing data,

and secondary data from said received data packets, and
associating the secondary data with a selected storage
address,

storing the secondary data extracted at said selected stor-

age address without said primary switching data or said
primary routing data,

determiming tertiary data designating at least one output

port, and determining new primary switching data from
said primary switching data and data stored 1n a switch-
ing table, or determining new primary routing data from
said primary routing data and data stored in a routing
table,

delivering, to a sending means, the tertiary data, said new

primary switching data or said new primary routing data,
and said selected storage address as a function of a
selected criterion, and

extracting the secondary data stored at said selected stor-

age address and sending the extracted secondary data
combined with said new primary switching data or said
new primary routing data to each output port designated
by said delivered tertiary data,

wherein said new primary switching data 1s determined by

storing at least said primary switching data and said
selected storage address in a management buller
memory, of a management module, at a selected man-
agement buller memory address,

storing said selected management builer memory address

as a function of the selected criterion, and
commumnicating said selected management bufier memory
address to said management module on command,
wherein said management module, on recerving said
selected management buffer memory address, commu-
nicates to a transfer module at least some of said primary
switching data and said selected storage address for said
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transier module to determine said new primary switch-
ing data and said tertiary data which 1s determined by a
switching stage in said switching table from the received
primary switching data, and

wherein said transier module delivers said new primary

switching data and said tertiary data which 1s determined
by the switching stage and said selected storage address
on 1nstructions of a monitoring means.

15. A method according to claim 14, wherein when said
data packets are recerved they are divided 1nto segments of
equal length so that said secondary data 1s stored in seg-
mented form, and said stored, segmented secondary data 1s
reconstituted in order to combine i1t with said new primary
switching data or said new primary routing data before send-
ing the extracted secondary data.

16. A method according to claim 14, wherein the determi-
nation of said tertiary data and the determination of said new
primary switching data 1s performed by L2F switching.

17. A method according to claim 14, wherein the determi-
nation of said tertiary data and the determination of said new
primary routing data 1s performed by L3F routing.

18. A method according to claim 14, wherein said new
primary switching data or said new primary routing data, and
said tertiary data are stored and said selected criterion 1s then
applied, in order to select either said new primary routing data
or said new primary switching data for sending the secondary
data.

19. The method according to claam 14, wherein said
switching stage includes an L2F switching stage.

20. A method of handling data packets, the method com-
prising:

receiving data packets at input ports,

extracting primary switching data or primary routing data,

and secondary data from said received data packets, and
associating the secondary data with a selected storage
address,

storing the secondary data extracted at said selected stor-

age address without said primary switching data or said
primary routing data,
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determiming tertiary data designating at least one output
port, and determining new primary switching data from
said primary switching data and data stored 1n a switch-
ing table, or determining new primary routing data from
said primary routing data and data stored 1n a routing
table,

delivering, to a sending means, the tertiary data, said new
primary switching data or said new primary routing data,
and said selected storage address as a function of a
selected criterion, and

extracting the secondary data stored at said selected stor-
age address and sending the extracted secondary data
combined with said new primary switching data or said
new primary routing data to each output port designated
by said delivered tertiary data,

wherein said new primary routing data 1s determined by
storing at least said primary routing data and said
selected storage address in a management bufler
memory, of a management module, at a selected man-
agement buller memory address,

storing said selected management builer memory address
as a function of a selected criterion, and

communicating said selected management bufier memory
address to said management module on command,

wherein said management module, on recerving said
selected management buffer memory address, commu-
nicates to a transier module at least some of said primary
routing data and said selected storage address for said
transter module to determine said new primary routing
data and said tertiary data which 1s determined by a
routing stage in said routing table from the received
primary routing data, and

wherein said transier module delivers said new primary
routing data and said tertiary data which 1s determined
by the routing stage and said selected storage address on
instructions of a monitoring means.

21. The method according to claim 20, wherein said rout-

ing stage mcludes an L3F routing stage.
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